Objective: To identify preoperative characteristics associated with complete surgical resection of primary malignant mediastinal tumors. Methods: Between 1996 and 2006, 42 patients with primary malignant mediastinal tumors were submitted to surgery with curative intent at a single facility. Patient charts were reviewed in order to collect data related to demographics, clinical manifestation, characteristics of mediastinal tumors and imaging aspects of invasiveness. Results: The surgical resection was considered complete in 69.1% of the patients. Cases of incomplete resection were attributed to invasion of the following structures: large blood vessels (4 cases); the superior vena cava (3 cases); the heart (2 cases); the lung and chest wall (3cases); and the trachea (1 case). Overall survival was significantly better among the patients submitted to complete surgical resection than among those submitted to incomplete resection. The frequency of incomplete resection was significantly higher in cases in which the tumor had invaded organs other than the lung (as identified through imaging studies) than in those in which it was restricted to the lung (47.6% vs. 14.3%; p = 0.04). None of the other preoperative characteristics analyzed were found to be associated with complete resection. Conclusions: Preoperative radiological evidence of invasion of organs other than the lung is associated with the incomplete surgical resection of primary malignant mediastinal tumors.
facility between March of 1986 and August of 2006. Inclusion criteria were histological diagnosis of malignant primary mediastinal tumor and surgical treatment with the objective of radical resection. Patients with mediastinal lymphomas were excluded, as were those with tumors arising from the trachea, esophagus or lung and those with mediastinal goiters.
Data related to demographic characteristics, clinical manifestation, mediastinal tumor location, invasion of adjacent organs, preoperative (neoadjuvant) treatment, type of thoracic incision and resectability were collected through a review of individual patient charts. In order to classify tumor location, the mediastinum was divided into three compartments (anterior, middle and posterior) based on a review of radiology reports. All patients were submitted to preoperative imaging studies-either chest CT or the combination of chest CT and magnetic resonance imaging (MRI), at the discretion of the surgeon-and data regarding the infiltration of adjacent organs were classified according to the radiology reports. Complete surgical resection was defined as complete removal of all macroscopic tumor; and incomplete surgical resection was defined as no resection or partial resection.
Median age was 39.5 years (range, 1.0-77.4 years), and 30 (71.5%) of the 42 patients were male. Five patients were asymptomatic. The most common initial clinical manifestation was chest pain, which was reported by 18 patients (42.8%). The median duration of symptoms was 4 months (range, 1-36 months). The majority
Introduction
Mediastinal tumors are rare and include a range of different diseases.
(1,2) Malignant mediastinal tumors can be primary or metastatic from other sites. Surgery, ranging from biopsy to radical resection, plays an essential role in the management of most primary malignant mediastinal tumors. In addition, surgery can be part of multimodal therapeutic approaches, including chemotherapy or radiotherapy. Surgical resection is rarely used as the sole treatment for primary malignant mediastinal tumors. (3, 4) Since primary malignant mediastinal tumors are rare and heterogeneous, there have been few studies reporting the role of surgical resection in the management of such tumors. Most studies evaluating the management of thoracic tumors have evaluated various benign and malignant diseases arising in different mediastinal compartments. Other studies evaluating surgical resection as the primary treatment for tumors arising in the mediastinum were published more than 20 years ago.
(5-7) Since then, surgical and anesthetic techniques have improved considerably. Patient characteristics, indications for resection and overall outcomes of surgery have changed significantly. Thymomas and nonseminomatous germ-cell tumors are the primary malignant mediastinal tumors for which surgical treatment is most often applied. (8) Complete resection has been shown to be a significant determinant of prognosis among patients submitted to surgery for the treatment of invasive primary mediastinal tumors. (9) Age, together with the characteristics of preoperative imaging studies determining the location and consistency of mediastinal tumors, can suggest the diagnosis and the likelihood of malignancy.
(1,10-12) However, the factors predicting the resectability of such tumors have not been reported. The aim of the present study was to identify preoperative characteristics associated with the ability to achieve complete surgical resection in a group of patients with primary malignant mediastinal tumors.
Methods
This was a retrospective study of 42 patients with primary malignant mediastinal tumors submitted to surgery with curative intent. All patients underwent surgical treatment at our 
Results
Among the 42 patients evaluated, surgical resection was considered complete in 29 (69.1%) and incomplete in the remaining 13 (30.9%). Incomplete resection was attributed to tumor invasion of the following structures: large blood vessels (in 4 cases); the superior vena cava (in 3 cases); the heart (in 2 cases); the lung and chest wall (in 3 cases); and the trachea (in 1 case). Among the 13 patients in whom the resection was incomplete, radiotherapy was administered in 6, chemotherapy was administered in 3, and the chemotherapy-radiotherapy combination was administered in 3. One patient with malignant mesenchymoma received no postoperative treatment and died two months after the surgical procedure due to the progression of malignant disease.
The median follow-up time was 21.5 months (range, 0.2-183 months). Overall five-year survival was 71.3%. Patients submitted to complete surgical resection had significantly better overall survival than did those submitted to incomplete resection (84.4% vs. 42.9%, types, as shown in Table 1 . According to the radiology reports, the tumor was restricted to the mediastinum, without invasion of adjacent structures, in 14 patients (33.3%). Among the remaining 28 patients (66.6%) in whom there was radiologic evidence of a tumor infiltrating adjacent organs, there was invasion of the lung parenchyma in 18, invasion of large blood vessels in 5, invasion of the pericardium in 6 and invasion of the chest wall in 7. All 28 of those patients were submitted to surgery as the primary treatment. Preoperative chemotherapy was administered to 13 (31.0%) of the 42 patients. One patient (2.4%) was treated with chemotherapy and radiation therapy prior to surgical resection. The type of thoracic surgical access was selected by the attending surgeon on a case-by-case basis. The most common surgical approach was median sternotomy, employed in 19 patients (45.3%); followed by left lateral thoracotomy, employed in 14 (25.0%); and right lateral thoracotomy, employed in 9 (21.4%). Resection of adjacent structures was performed in 24 patients (57.2%). The lung parenchyma was the structure most frequently excised: wedge/ segmentectomy was performed in 12 patients (28.6%); lobectomy was performed in 2 (4.8%); and pneumonectomy was performed in 1 (2.4%). The following were also resected: the adjacent pericardium in 5 patients (11.9%); the parietal pleura in 5 (11.9%); the chest wall in 4 (9.6%); the phrenic nerve in 2 (4.8%); and the superior vena cava (partial resection) in 1 (2.4%).
Statistical analysis
Overall survival, from the date of surgery to the date of death or the last clinical evaluation, was estimated by the Kaplan-Meier method. The influence that the type of resection (complete or incomplete) had on overall survival was calculated, and comparisons were performed using the log-rank test. The chi-square and Fisher's exact tests were used, as appropriate, to assess associations between the type of surgical resection and the following variables: demographic data; histologic type; tumor location; invasion of adjacent structures; surgical approach; preoperative treatment; and status at admission. Values of p < 0.05 were considered statistically significant. Statistical analyses were performed using the program Statistical Package for the Social Sciences, version 11.5 (SPSS Inc, Chicago, IL, USA). mediastinal compartment) was not associated with the ability to achieve complete resection; nor was the type of surgical approach (sternotomy or lateral thoracotomy). As can be seen in Table 4 , the same was true for preoperative treatment (neoadjuvant treatment or no treatment) and histologic type of the primary mediastinal malignancy (thymic or non-thymic).
In all cases, chest CT or chest CT plus MRI was performed in order to identify invasion of anatomic structures adjacent to the mediastinal tumor.
Resectability was not associated with invasion of mediastinal structures, defined in preoperative imaging evaluation. Refinement of this analysis revealed that tumor invasion of the lung parenchyma was not associated with resectability. However, invasion of organs other than the lung was strongly associated with resectability. Among the 14 patients in whom there was no invasion of these anatomical structures, complete resection was achieved in 12 (85.7%), compared with 17 (60.7%) of the 28 in whom there was such invasion ( Table 5) . Involvement of anatomic structures other than the lung was as follows: the heart and large blood vessels (in 8 cases); the chest wall (in 7 cases); the pericardium (in 5 cases); and the esophagus (in 1 case).
Discussion
There have been few studies dedicated to analyzing patients with primary mediastinal tumors. Most studies evaluating the management of thoracic tumors have included patients with various benign and malignant tumors, treated over long periods.
(1, [13] [14] [15] [16] The present study evaluated a group of patients with primary malignant mediastinal neoplasms of various histologic types. However, all of the patients were submitted to surgical procedures with curative intent. We selected this specific group of patients in order to identify preoperative factors associated with the ability to achieve complete surgical resection.
Although the present study involved at least six different histologic types of primary mediastinal tumors, it is not as heterogeneous as some other studies, which have included lymphomas and various types of benign tumors. (16) (17) (18) Lymphomas have been included even in studies that selected patients submitted to surgical resection of malignant mediastinal tumors, p = 0.04). The number of censored cases at 20, 40 and 60 months, respectively, was as follows: complete resection: 16, 8 and 4 patients; and incomplete resection: 5, 4 and 3 patients.
Gender and age were not associated with the resectability of mediastinal tumors (Table 2) . Patients with chest pain as an initial clinical manifestation tended to be unresectable at surgery. Table 3 shows that resection was incomplete in 47.1% of such patients. However, this difference did not reach statistical significance (p = 0.08).
The anatomical location of the primary malignant tumor (anterior, middle or posterior One of the most common clinical manifestations, chest pain, was observed in 66.7% of the patients submitted to incomplete resection, compared with only 34.6% of those submitted to complete resection, although this difference did not reach statistical significance (p = 0.08). This finding suggests that chest pain is associated with locally advanced tumors and with lower probability of complete surgical resection. Some authors have described chest pain as a predictor of survival among patients with chest wall tumors. (22) However, there is no data regarding this characteristic in patients with primary malignant mediastinal neoplasms. Chest pain might be related to chest wall invasion by mediastinal tumors or even to invasion of other adjacent anatomical structures. Invasion of the chest wall (sternum or ribs) should not present technical obstacles to complete surgical resection, since sternum and ribs can be resected with adequate margins. Therefore, we believe that any association between chest pain and resectability is not related to the extent of local invasion, although no definitive conclusion can be made based on the data currently available.
Although imaging of mediastinal tumors is typically performed using chest CT, MRI can be used in order to define great vessel invasion or to identify invasion of the vertebral body. Both radiological methods are employed in order to determine tumor invasion of adjacent anatomical structures. (23) One group of authors assessed the value of CT and MRI in evaluating mediastinal tumors and concluded that both provide essentially the same information. (24) All of the patients evaluated in the present study were submitted to chest CT. However, MRI was also performed in certain cases, which were few in number, since MRI has only become available at our institution in the last ten years and was indicated only in specific situations.
To our knowledge, this is the first study correlating radiological findings with the probability of achieving complete surgical resection of mediastinal tumors. We found that radiological invasion of lung parenchyma did not correlate with tumor resectability, probably because resection of the lung parenchyma (wedge resection or even lobectomy) can be easily accomplished en bloc with the mediastinal mass. However, invasion of structures other than the lung are directly correlated with inability to achieve complete despite the fact that surgery plays a limited role in the management of mediastinal lymphomas. Accordingly, we decided to exclude patients with lymphomas. In surgical studies of malignant mediastinal tumors, (9, (19) (20) (21) thymic neoplasms, mainly thymomas, and primary malignant germ-cell tumors are the histologic types most frequently described, as was also observed in the present study. Another common critique of previous studies of mediastinal tumors is that patients were treated over a long period, during which the therapeutic strategies changed. Because of the low incidence of primary malignant mediastinal tumors, the present study described patients treated during a 20-year period, similar to other published studies. (9, 16) Other studies (7) have reported the surgical treatment of mediastinal neoplasms invading adjacent anatomical structures and requiring extensive surgical resection, followed by reconstructive techniques. (9, 16) The authors of those studies concluded that complete resection is a significant determinant of long-term survival. Our results confirm that patients submitted to complete surgical resection had better overall survival than did those submitted to incomplete resection. One group of authors reported an overall five-year survival rate of 70% among patients undergoing complete surgical resection, (9) similar to the 85% observed in our group of patients. Despite the evident impact of complete surgical resection on overall survival, it was not clear whether certain preoperative characteristics can predict the resectability of primary malignant mediastinal tumors.
Complete surgical resection was obtained in 69.1% of the patients evaluated in the present study, similar to the 79% reported in another study, involving 89 patients. (9) These results suggest that incomplete surgical resection occurs in 20-30% of cases, even when patients undergo appropriate preoperative evaluation. The aim of the present study was to identify preoperative characteristics associated with the ability to achieve complete surgical resection. In a review of the literature, we identified no studies dedicated to this issue. One potential limitation of the present study is that, as a retrospective analysis, the completeness of surgical resection was defined based on data collected from patient charts. resection of mediastinal tumors. Invasion of large blood vessels was the most common radiological characteristic leading to incomplete surgical resection of mediastinal tumors.
Although the location of mediastinal mass is critical to differential diagnosis of primary malignant mediastinal tumors,
(1) our results show that this characteristic did not affect the ability to achieve complete surgical resection. Similarly, the type of surgical approach (sternotomy or thoracotomy) was not found to be associated with the completeness of resection. The type of surgical access should be considered in order to achieve adequate viewing and complete resection with tumor-free margins.
We concluded that patients with primary malignant mediastinal tumors who are surgical candidates should be evaluated preoperatively in order to achieve complete surgical resection, which is associated with better survival. Radiological evidence of invasion of organs other than the lung is associated with incomplete surgical resection.
